ABSTRACT A series of 4 floor pen studies was conducted to evaluate the effects of environmental temperature modification on nicarbazin (NIC) responses in broiler chickens raised to 28 d of age. Birds were reared at either standard temperatures (recommended by the primary breeder for ages zero to 28 d) or at 3
INTRODUCTION
Due to its potent anticoccidial activity and broad species spectrum, nicarbazin (NIC) is among the most widely recognized anticoccidial products used by the broiler industry (AgriStats, 2016) . Its anticoccidial effects have been known and utilized since the 1950s and it is valued for its efficacy, reliability, and ability to improve the efficacy of other anticoccidial agents. In general, chicken coccidia have shown a very low propensity for development of resistance to NIC (Chapman, 1994; Bafundo et al., 2008) , and in turn, it is widely used for the control of Eimeria infections in broilers.
Despite these beneficial properties, concerns related to side effects must be considered when NIC is used. Heat-related mortality during NIC usage is well documented both in commercial flocks (Buys and Rasmussen, 1978; Froyman and Hales, 1984) and C 2017 Poultry Science Association Inc. Received September 2, 2016. Accepted January 18, 2017. 1 Corresponding author: ken.bafundo@pahc.com in research environments (Farny, 1965; Sammelwitz, 1965a,b; McDougald and McQuistion, 1980; Keshavarz and McDougald, 1981; Teeter, 1991 and 1995) . This effect is known to be most prominent in older birds or as birds increase in body size (McDougald and McQuistion, 1980; Harris and Macy, 1988) , and in birds reared under high environmental temperatures (Sammelwitz, 1965a,b; McDougald and McQuistion, 1980) . In many regions, heat-related mortality limits the use of NIC to periods of cool environmental temperatures.
It is often suggested that NIC at 125 ppm impairs performance of young broilers (McDougald and McQuiston, 1980; Bartov, 1989) . However, Chapman (1994) reported that convincing evidence for this response is lacking. Conflicting reports of this effect are likely influenced by studies involving elevated doses of NIC and supplementation of NIC with other anticoccidials (Bartov, 1989) , or trials in which environmental temperature was intentionally elevated (>32
• C) or not controlled at all (McDougald and McQuiston, 1980; Keshavarz and McDougald, 1981; Bartov, 1989) . As a result, confusion currently exists over this aspect of NIC 1615 utilization. Coupling this uncertainly with the wellrecognized responses in heat mortality has influenced how NIC has been employed. Thus, traditional use of NIC has involved starter feeds during the coolest seasons of the year in order to prevent or minimize these effects.
In the past few years numerous changes to standard anticoccidial programs have taken place. Both the questionable efficacy of the ionophorous anticoccidials (Jenkins et al., 2010 and Chapman and Jeffers, 2015) and the desire to limit antibiotic usage in production animal species have led to the restructuring of traditional anticoccidial programs. Consequently, chemical anticoccidial products are frequently used for periods longer than once considered practical. Since many chemical anticoccidials are prone to rapid resistance development, emphasis must be placed on products proven to be resilient in commercial application. Thus, in situations in which ionophore use has waned or in which usage of chemical anticoccidials is no longer applicable, NIC is often relied upon to provide the efficacy needed to support efficient growth and intestinal health. With these facts in mind, the purpose of this work was to gain a better understanding of the effects of NIC on performance and mortality when fed to 28 d of age at standard environmental temperatures, and to determine whether reduction of environmental temperature by 3
• C influences these effects. Identical experiments were conducted in both healthy and coccidialchallenged birds in order to determine the effects of coccidiosis on these responses.
MATERIAL AND METHODS

Birds and Husbandry
There were a total of 4 trials performed in pairs during each fall of 2 consecutive years. The first 2 trials were performed in the absence of a coccidial challenge, whereas the second 2 were subjected to a challenge with Eimeria spp. From here after, the 2 first trials will be named as the first experiment with 2 replications and the last 2 trials will be addressed as the second experiment also with 2 replications. Within each of the 4 trials, 8 pen replicates of each treatment combination were used. All the practices regarding animal management were approved by the Institutional Animal Care and Use Committee of the University of Georgia. A total of 1,920 one-day-old (40 birds per pen) Cobb 500 male chicks was used for each experiment and raised to 28 d of age. The experiments were performed in 2 windowless rooms, each with 24 pens; each pen was 1.22 × 3.05 m in dimension. Each pen had one hanging feeder with 10 nipple drinkers with the floor covered with 0.05 m of clean pine shavings litter. For the first 3 d of brooding, one cardboard tray with feed was placed in each pen to ease the access to feed by the chickens. Lighting was from 27 Paragon EC40005 incandescent light fixtures providing 23 h of light at 30 lux for the 
Dietary Treatments
A 2-phase feeding program was used with a starter diet provided from d zero to d 18, and grower from d 18 to d 28. The starter diets were crumbled, and grower feeds were fed as pellets. There were 3 dietary treatments obtained by mixing zero ppm, 100 ppm, and 125 ppm of NIC to a common corn-soybean meal based basal of starter and grower (Table 1) . Both water and feed were consumed ad libitum.
Environmental Temperature Treatments
The environmental treatments were: 1) standard temperature, where initial temperature was set to 34
• C, 4, 5, 6, 8, 11, 18, 23, 24, and 26 ; and 2) a low environmental temperature, where for the first 2 d a difference of −1.5
• C from the standard was attained, and thereafter −3
• C until the end of the trial. In each experiment, there were 2 rooms utilized, one for each of the 2 environmental temperature treatments. For each replication of the experiments, the assignment of rooms to the temperature treatments was reversed in order to negate any room effect. Temperatures were checked twice daily and average daily temperature readings calculated.
Eimeria Challenge
All the chicks of the second experiment were challenged with an oocyst cocktail of Eimeria spp. field isolates. At d 12, birds were withdrawn of feed for 2 h and then provided a tray with 500 g of feed sprayed with 40 mL of an inoculum that contained 125,000, 50,000, and 7,500 sporulated oocysts of Eimeria acervulina, E. maxima, and E. tenella per bird, respectively. Feeders were placed back in the pens 2 h after the tray setting, and trays were left in the pens for 24 hours. From this point forward, the birds from the first experiment will be called non-challenged, and the birds from the second experiment challenged.
Data Collection
Group bird BW and feed intake per pen were assessed at placement, 18, and 28 d of age. The FCR was calculated for the periods from zero to 18, 18 to 28, and zero to 28 d of age. Mortality was checked twice daily. Cloacal temperatures were measured using a digital thermometer on 3 randomly selected birds per pen at 7, 14, 21, and 26 d of age. At 18 d of age (6 days post challenge) 2 birds per pen were randomly selected and scored macroscopically for coccidiosis lesions using the Johnson and Reid (1970) scoring system.
Data Analysis
The performance data were analyzed in a completely randomized block design with a factorial arrangement of the 3 dietary NIC levels and the 2 environmental temperature profiles for each experiment. Pens were considered the experimental unit for performance data. The blocks represented the 2 replications within each experiment. The mortality data were transformed to arcsine; therefore, for these data the true means are presented with the P-values coming from the transformed data. Means were separated by Tukey and Kramer tests when P-value was equal or less than 0.05. For the coccidiosis ordinal lesion scores (zero to 4), an ordinal logistic model was applied to obtain the probability of developing each score according to the factorial arrangement of the treatments. These results are presented as the percentage of individuals expected to have each lesion scores according to treatment. In this analysis, the birds were considered as the experimental unit. All data were analyzed with JMP Pro 11 (SAS Inst. Inc., Cary, NC) software.
RESULTS
Overall, the temperatures observed throughout the 2 experiments (4 replications), showed that the difference in temperature between the 2 profiles was attained ( Figure 1 ). In addition, at 6 d post infection, mean lesion scores recorded in non-medicated birds were 2.0, 1.5, and 1.2, for the respective coccidial species listed above. These observations indicate that coccidial infections representative of many field environments were produced in these tests. Performance results for non-challenged and challenged chicks are presented in Tables 2 and 3 , respectively. In broilers raised in the absence of coccidial challenge (Table 2) , NIC impaired body weight gain and feed conversions for the periods from zero to 18 and zero to 28 days. However, body weight gains from zero to 18 and zero to 28 d were improved in birds reared at lower environmental temperatures. In addition, during the period 18 to 28 d, significant NIC x temperature interactions were recorded in BWG and FCR (P < 0.025 and P < 0.001, respectively). These interactions indicate that at standard temperatures NIC reduced these performance variables, but at low environmental temperatures NIC effects on performance were assuaged.
In challenged broilers (experiment 2), NIC improved body weight gain, both from zero to 18 and zero to 28 d of age (Table 3 ). Compared to birds reared at standard temperatures, zero to 18 d BWG and FCR were improved by lower temperatures (P < 0.021 and P < 0.007, respectively). Significant interactive effects between NIC and environmental temperature were not observed in performance during the period 18 to 28 d for birds challenged with coccidia, and the NIC x temperature interaction in FCR from zero to 28 d indicates that NIC improvements in FCR were greater at low rather than standard temperatures.
Cloacal temperature measurements are presented in Table 4 and indicate that lower environmental temperatures significantly reduced cloacal temperature at each measurement period. This response occurred regardless of whether birds were challenged or not challenged with coccidia. The one exception to this statement occurred in challenged broilers at 21 d of age. In this instance, body temperature was increased at lower environmental temperature compared to control. Table 5 presents total mortality recorded from days zero to 28 of the studies. In the absence of coccidial challenge a significant NIC x temperature interaction occurred where 125 ppm NIC significantly increased total mortality at standard temperatures, while significant increases in NIC-attributable mortality did not occur at lower environmental temperatures. In the presence of coccidial challenge, a similar interaction occurred when NIC increased mortality at standard temperature, but produced no significant change in mortality at lower environmental temperatures. Both NIC x temperature interactions in zero to 28 d mortality were highly significant (P < 0.006 and <0.001, respectively).
Analysis of coccidia lesion scores performed on the challenged birds indicated that as NIC dose increased there was a significant (P < 0.001) increase in the proportion of low lesion scores (0 and 1) for the 3 Eimeria species evaluated (Table 6 ). In addition, low environmental temperatures resulted in higher scores of E. acervulina.
DISCUSSION
As an anticoccidial, NIC has earned an outstanding reputation for efficacy, resilience, and functional longevity over its many years of use (Mathis and McDougald, 1982; Chapman, 1994; Bafundo et al., 2008) . However, since its introduction more than 60 yr ago, broiler producers have learned that NIC-fed broilers do not respond well in hot temperatures (>33
• C) and that elevated mortality and reduced performance are frequent outcomes under these conditions. Unfortunately, the biochemical responses that produce these effects in the broiler chicken are poorly understood despite the many years of NIC usage. Beers et al. (1989) reported that NIC induces broad physiological changes in the broiler reared at heat stress temperatures, among which are elevated body temperature, increased heart rate, increased respiration, and a subsequent modification of the acid base balance of the blood. Both Farny (1965) and Wiernusz and Teeter (1995) showed that the ability to dissipate body heat is also affected. According to Beers et al. (1989) , heat stressed broilers fed NIC will increase their respiratory rate to maintain normal body Table 2 . Body weight gain (BWG) and feed conversion ratio (FCR) measured at 2 time periods for birds fed graded levels of Nicarbazin and raised at standard and low environmental temperatures in the absence of coccidial challenge. temperature and acid base balance, but once maximal respiratory rate is achieved, it cannot be maintained indefinitely. At the point at which respiratory rate diminishes, acid base balance can no longer be maintained, and the blood becomes alkalotic. However, the effects of NIC during severe heat stress are different from those recorded at or near normal growing temperatures. McDougald and McQuistion (1980) and Keshavarz and McDougald (1981) noted subtle changes in feed intake and performance in NICfed broilers when temperatures were maintained at 21.6
• C, and Bartov (1989) presented results illustrating that at temperatures ranging from 9 to 35
• C, NIC at 125 ppm (with ethopabate) reduced body weights without affecting feed consumption. Guneratne and Gard (1991) reported only small reductions in performance when NIC was fed in a broad study of anticoccidial usage and performance in tropical countries. Likewise, Chapman (1994) reported that growth depressing effects of NIC were not a common finding in the literature reports he reviewed. Results from our studies, however, indicate that under normal growing conditions, the performance responses of NIC-fed broilers are dependent upon 2 factors: environmental temperature and coccidial challenge.
In the absence of coccidial challenge, NIC depressed performance during the 28-day growth period used in these tests. However, adjustments of environmental temperature of approximately 3
• C produced consistent reductions in body (cloacal) temperature, and these changes were coincident with minimizing the adverse effects of NIC on performance during this same period. Similar responses were observed in FCR in coccidialinfected broilers. However, BWG during coccidial infection was consistently improved by NIC in both temperature environments, so the anticipated interactive improvements in BWG offered by lower environmental temperature in coccidial-infected birds fed NIC did not occur. As a result, both environmental temperature and coccidial challenge independently influenced growth during NIC use. Taken together, these responses indicate that when coccidial challenge is low or nonexistent, reducing environmental temperature diminishes the propensity of NIC to impair growth and feed conversion. In higher challenge conditions, the effects of lower environmental temperature on performance, and in particular BWG, may be more difficult to assess because of the effective anticoccidial properties of the drug.
Traditionally, NIC use has been confined to starter feeds because of mortality (heat stress) concerns as birds become older. A principle objective of our studies was to determine the effect of lowering environmental temperature on NIC-induced mortality when birds were fed to 28 d of age. The significant NIC x environmental temperature interactions recorded in both nonchallenged and challenged birds indicate that lowering environmental temperature reduced 28-day mortality recorded during these trials, and suggests that this response is mediated by lower body (cloacal) temperatures measured throughout our tests. Even at 125 ppm, lower environmental temperatures reduced mortality by 10.7 and 7.7%, respectively, compared to their corresponding standard temperature controls. This response makes modification of environmental temperature a practical tool for extending the period of NIC usage.
Data from these studies can be used to delineate 2 effective means for reduction of NIC-associated mortality: dosage and environmental temperature modification. Birds reared at standard temperatures and fed NIC (100 ppm) in both non-challenged and challenged groups showed lower levels of mortality than corresponding birds fed NIC 125 ppm. In addition, when these lower dosage groups were reared at low environmental temperatures, mortality figures were equivalent to that of the controls.
The experiments reported herein were able to assess the effects of coccidial challenge at 2 environmental temperatures over the majority of the test period (d 12 to 28). Surprisingly, we observed that under conditions of low but not standard temperatures, E. acervulina infections were more severe regardless of the NIC levels that were utilized. Neither E. maxima nor E. tenella produced similar responses, as lesions scores for these species were unaffected by environmental temperature. To our knowledge, this is the first time measurements of this type have been reported. The exact reason for the greater severity of infection with E. acervulina is not known, but poultry health specialists recognize E. acervulina as the most common of the chicken coccidia, and perhaps its ability to thrive in different environments contributes to its ubiquity. Regardless, this response warrants further investigation, and could influence the understanding of coccidial epidemiology and the onset of intestinal disease.
Data from these tests also illustrate that healthy (unchallenged) broilers reared at cooler temperatures grew extremely well, indicating that in the absence of infection, broilers kept in cooler environments ate more and grew faster than those maintained at warmer temperatures. Conversely, the presence of a meaningful coccidiosis challenge is known to stress birds in multiple ways, so that coccidia-challenged broilers required warmer ambient temperatures to achieve higher body weights. The dynamics of these specific responses are difficult to explain because they are likely dependent upon genetic (body surface area and feathering), environmental (temperature and air movement), social (huddling), and epidemiological (see above) interactions, and indicate that disease challenged broilers may require different environmental conditions if optimal performance is to be achieved. Findings such as these underscore the importance of effective coccidiosis control.
